Chagas' disease causes degeneration and reduction of the number of intrinsic neurons of the esophageal myenteric plexus, with consequent absent or partial lower esophageal sphincter relaxation and loss of peristalsis in the esophageal body.
Abstract
Chagas' disease causes degeneration and reduction of the number of intrinsic neurons of the esophageal myenteric plexus, with consequent absent or partial lower esophageal sphincter relaxation and loss of peristalsis in the esophageal body. The impairment of esophageal motility is seen mainly in the distal smooth muscle region. There is no study about esophageal striated muscle contractions in the disease. In 81 patients with heartburn (44 with esophagitis) taken as controls, 51 patients with Chagas' disease (21 with esophageal dilatation) and 18 patients with idiopathic achalasia (11 with esophageal dilatation) we studied the amplitude, duration and area under the curve of esophageal proximal contractions. Using the manometric method and a continuous perfusion system we measured the esophageal striated muscle contractions 2 to 3 cm below the upper esophageal sphincter after swallows of a 5-ml bolus of water. There was no significant difference in striated muscle contractions between patients with heartburn and esophagitis and patients with heartburn without esophagitis. There was also no significant difference between patients with heartburn younger or older than 50 years or between men and women or in esophageal striated muscle contractions between patients with heartburn and Chagas' disease. The esophageal proximal amplitude of contractions was lower in patients with idiopathic achalasia than in patients with heartburn. In patients with Chagas' disease there was no significant difference between patients with esophageal dilatation and patients with normal esophageal diameter. Esophageal striated muscle contractions in patients with Chagas' disease have the same amplitude and duration as seen in patients with heartburn. Patients with idiopathic achalasia have a lower amplitude of contraction than patients with heartburn.
Introduction
Chagas' disease, caused by the flagellate protozoan Trypanosoma cruzi, affects the esophageal myenteric plexus causing degeneration and reduction of the number of intrinsic neurons (1) . The consequences for esophageal motility are absent or partial lower esophageal sphincter (LES) relaxation and loss of peristalsis in the esophageal body, a picture similar to that seen in idiopathic achalasia (2).
Both diseases mainly involve the distal smooth muscle segment of the esophageal body, where there is a larger number of neurons in the myenteric plexus (1). However, there is also a reduction in the number of neurons in the myenteric plexus of the proximal third of the esophagus, where there is striated muscle (1, 3) .
The contractions in the distal third of the esophagus are of low amplitude in Chagas' disease (4, 5) and in idiopathic achalasia (5, 6 ). The duration is longer than normal in idiopathic achalasia (5, 6) , with results showing normal (5) or longer duration in Chagas' disease (7). A recent study described a low contraction amplitude with dry swallows in the esophageal striated muscle of patients with idiopathic achalasia (6) . In Chagas' disease there is no similar study. We know that the filling rate of the proximal esophagus in patients with the disease after swallowing a 10-ml bolus of water is slower than in normal subjects as a consequence of a longer oral phase in Chagas' disease (8), a fact that might influence esophageal proximal contractions.
The objective of the present investigation was to study the esophageal striated muscle contractions in patients with Chagas' disease and compare them with those of patients with heartburn, taken as a control group, and patients with idiopathic achalasia.
Material and Methods
We retrospectively studied the esophageal striated muscle contractions of 81 patients who were submitted to esophageal manometric examination as part of the evaluation of heartburn, 51 patients with Chagas' disease, and 18 patients with idiopathic achalasia. The manometric examinations were performed from 1999 through 2001 as a contribution to the diagnosis of the diseases.
All patients with heartburn (control group: 31 men and 50 women aged 17 to 87 years, median 41 years) were submitted to endoscopic examination which showed a normal esophagus in 37 and esophagitis in 44 (grade I in 28, grade II in 7, and grade IV in 3 according to the classification of SavaryMiller), and Barrett esophagus in 6. Patients with dysphagia, chest pain, previous surgical treatment of gastroesophageal reflux disease, chronic cough, globus, esophageal stricture, laryngitis, pulmonary disease, and connective tissue diseases were excluded from the study. No patient had endocrine diseases or abnormalities in the manometric examination of the distal esophagus, with amplitude of contractions ranging from 35 to 180 mmHg, and more than 90% of swallows being followed by peristaltic contractions (9) . In this group, which we used as control, we compared patients with esophagitis (N = 44) with patients without esophagitis (N = 37), patients aged 17 to 49 years (median: 37 years, N = 52) with patients aged 50 to 87 years (median: 61 years, N = 29), and men (N = 31) with women (N = 50).
The patients with Chagas' disease (Chagas group) had a positive immunofluorescence test for T. cruzi. They were 19 men and 32 women aged 23 to 82 years, median 62 years. Radiologic esophageal examination showed that 30 patients had a normal diameter, 21 of them with slow transit, and 21 had an increase in esophageal diameter. No patient had been submitted to previous treatment. Dysphagia was a complaint in all patients with dilatation and in 25 without dilatation.
All patients with idiopathic achalasia (achalasia group) had dysphagia. They were 10 men and 8 women aged 12 to 68 years, median 38 years. Eleven patients had esophageal dilatation in the radiologic examination, and 7 had only retention and slow transit. They had partial or absent LES relaxation and aperistalsis in the distal esophageal body. None had been submitted to previous treatment. All had a negative immunofluorescence test for T. cruzi.
In the manometric examination we used a round eight-lumen polyvinyl catheter (Arndorfer Specialties Inc., Greendale, WI, USA) with an outer diameter of 4.5 mm and an internal diameter of 0.8 mm for each lumen. The four proximal lateral openings of the catheter were spaced 5 cm apart at 90 degree angles and the four distal openings were at the same level. For the manometric examination we used the four proximal channels and one distal channel, for a total of five channels spaced 5 cm apart. The channels were connected to five external pressure transducers (pvb Medizintechnik GmbH, Kirchseeon, Germany) with output to a PC Polygraph HR (Synectics Medical, Stockholm, Sweden). The manometric assembly was continuously perfused with water at a flow rate of 0.5 ml/min provided by a low compliance perfusion system (JS Biomedicals Inc., Ventura, CA, USA).
The examination was performed during the morning after at least 12 h of fasting. The catheter was introduced through the nose until at least four side holes reached the stomach. After 10 min of stabilization the catheter was pulled at 1-cm intervals and at each station the patient swallowed a 5-ml bolus of water at room temperature. The esophagus was studied from the LES to the upper esophageal sphincter (UES). The esophageal segment 5 cm below the UES was defined as the striated muscle region of the esophageal body.
We measured the maximum striated muscle contraction through the proximal side hole of the catheter (6) consequent to one wet swallow when this side hole was at 2 or 3 cm below the UES. We analyzed the amplitude, duration and area under the curve (AUC) of the contractions with a computer program (Polygram for Windows 2.0 Medtronic Synectics, Stockholm, Sweden).
We used one-way analysis of variance and the Tukey-Kramer multiple comparisons test for the statistical evaluation of the results, with the level of significance set at P<0.05. Data are reported as means ± SD and median.
Results
The Kolmogorov-Smirnov test applied to the results showed that the data followed Gaussian distribution in all groups.
In the group of patients with heartburn we studied the effect of esophagitis, age and gender on amplitude, duration and AUC of the contractions. There were no differences between men and women, between patients older and younger than 50 years or between patients with or without esophagitis (P>0.05). The amplitude of contractions was 106.3 ± 45.0 mmHg in patients with esophagitis (N = 44) and 100.8 ± 36.7 mmHg in patients with normal endoscopy (N = 37).
The amplitude of contractions was lower (P<0.01) in patients with idiopathic achalasia than in patients with heartburn ( Figure 1 ). There were no differences between the three groups studied (P>0.05) in the duration (Figure 2) or AUC (Figure 3 ) of contractions.
The striated muscle contractions of patients with Chagas' disease did not differ (P>0.05) from those observed in the other groups (Table 1) . Also, the patients with esophageal dilatation did not differ (P>0.05) 
*

Discussion
We did not find differences in the striated esophageal muscle contractions of patients with Chagas' disease compared with patients with heartburn or patients with idiopathic achalasia.
The most important histological finding in Chagas' disease and idiopathic achalasia is the reduction in the number of neurons of the esophageal myenteric plexus. Ganglion cells rarely appear and are sparse in the myenteric plexus below the level of the cricoid cartilage (1, 10) . They continuously increase in number up to the middle portion and then maintain approximately the same number up to the cardia (1). The reduction of myenteric ganglion cells occurs along the entire length of the esophagus both in idiopathic achalasia (3) and in Chagas' disease (1) .
The contractions of esophageal striated muscle are related to the extrinsic innervation (10) . The extrinsic motor nerves to the striated muscle regions innervate muscle cells through motor end-plates. The neurotransmitter released at the end-plates is acetylcholine, which activates nicotinic cholinergic receptors in striated muscle (10) . The neurons in the myenteric plexus of this region play a lesser role in the control of esophageal peristalsis than the myenteric plexus of the smooth muscle region.
The cell bodies that send somatic nerves to the striated muscle region of the esophageal body are situated in the rostral nucleus ambiguus (10) . Motor neurons cross the vagi to innervate this muscle. A very proximal bilateral vagotomy abolishes peristalsis in this segment of the esophageal body. Sensory afferent inputs modulate the central vagal output that controls the peristaltic contractions. Studies indicate that in Chagas' disease (1) and idiopathic achalasia (3) the predominant abnormalities exist within the myenteric plexus, but loss of neurons within the dorsal motor nucleus and degenerative changes of the vagal nerve fibers have been from patients without dilatation (Table 2) .
Although the results suggest that the patients with idiopathic achalasia might have lower AUC than the control group, the difference was not statistically significant (P = 0.07).
* noted (11) (12) (13) . The results of the study of proximal amplitude suggested that these alterations may be more important in idiopathic achalasia than in Chagas' disease.
Patients with esophageal dilatation should have a low amplitude of contractions as a consequence of the increase in the diameter of the organ. However, this was not observed in the present study, perhaps because the diameter of the esophageal body was not increased in the upper esophagus a few centimeters from the UES.
A previous study found a lower maximum striated muscle contraction amplitude in patients with achalasia than in controls in response to dry swallows (6) . The results of the present study show that the amplitude of contractions in patients with achalasia is indeed decreased. We studied wet swallows, which may cause a higher amplitude than the dry swallows used in the previous study (6) , as seen in esophageal smooth muscle contractions (5). Another study using wet swallows detected a lower contraction amplitude and longer contraction duration in patients with achalasia than in controls, measured 3 cm below the UES (14) . As our results with wet swallows suggested the same conclusion when the contractions were studied with dry and wet swallows, we believe that the striated esophageal muscle contraction in achalasia is decreased. With these results we may assume that esophageal motor involvement by Chagas' disease differs somewhat from the involvement by idiopathic achalasia. Differences in the smooth muscle segment of the esophagus (5) and in LES pressure (5,15), but not in UES pressure (16) , have been reported.
We studied proximal esophageal striated muscle contractions 2 or 3 cm below the UES. One study in humans showed that the area in which striated and smooth muscle portions were approximately equal was 4.7 ± 0.6 cm from the proximal portion of the cricopharyngeal muscle (17) . This is the tran- sition zone and has the lowest esophageal amplitude of contraction, described as a "pressure trough". In another study this area was located at 21.7 ± 1.3% of the esophageal length (18) . Below this transition the proportion of smooth muscle increases progressively until the middle esophagus, where the muscle is exclusively smooth (17) . We performed the measurement at a site that has more than 50% of striated muscle. The manometric behavior of the striated muscle portion of the proximal esophagus shows characteristics similar to those of distal esophageal smooth muscle and different from the striated muscle of the pharynx (19) . The slower contraction of the striated esophageal muscle than the striated muscle of the pharynx makes our perfusion system adequate to measure contraction. With the rapid contraction of the pharynx a solid state catheter is required.
We did not detect differences caused by esophagitis, age or gender in the control group. Esophagitis was located in the distal esophagus where it can cause failed and low contraction amplitudes (20) . The proximal esophageal contraction did not differ between patients with gastroesophageal reflux symptoms with or without esophagitis, with or without dysphagia or with moderate or severe esophagitis (21). We did not include patients with lesions or symptoms suggestive of involvement of the proximal esophagus in the control group.
Esophageal striated muscle contractions seem to be normal in Chagas' disease and to have the same spectrum as seen in patients with heartburn. In idiopathic achalasia the proximal esophageal contraction is of low amplitude.
